BACKGROUND: As many as 80% of patients with asthma suffer from allergic rhinitis (AR), and rhinitis symptoms are associated with sleep complaints The aim of this cross-sectional study was to assess the prevalence of obstructive sleep apnea syndrome risk in patients with asthma and to explore the association between comorbid rhinitis and obstructive sleep apnea syndrome risk. METHODS: Subjects with asthma were recruited by general practitioners during a control visit. Physicians compiled a questionnaire that assessed the presence of AR according to ARIA (Allergic Rhinitis and Its Impact on Asthma) guidelines and factors influencing the risk of obstructive sleep apnea syndrome (gastroesophageal reflux disease, obesity, smoking). Subjects completed a questionnaire evaluating the presence and severity of AR and the STOP-BANG questionnaire (snoring, tiredness during daytime, observed apnea, high blood pressure, body mass index, age, neck circumference, gender), a validated screening method to identify obstructive sleep apnea syndrome risk. Physicians were blinded to the subjects' questionnaires, ensuring objectivity of the method. RESULTS: The analyses were conducted on 1,941 subjects (males 58%, mean age 48.2 ؎ 15.2 y): 740 with asthma alone and 1,201 with asthma and AR. STOP-BANG revealed that 52.6% of the subjects were at increased risk of obstructive sleep apnea syndrome: 47.3% of subjects with asthma alone and 55.9% of patients with asthma and AR. Rhinitis was associated with a 1.44 times higher odds ratio for having obstructive sleep apnea syndrome risk. Rhinitis duration and severity were associated with obstructive sleep apnea syndrome risk, although the latter deserved greater importance. The results showed that, once a correction for each of these factors was performed, subjects with AR with an odds ratio of 1.99 were reported to be at risk of obstructive sleep apnea syndrome. CONCLUSIONS: The probable increased risk of obstructive sleep apnea syndrome is associated with the concomitant presence of rhinitis, independent of obesity and other contributors to risk of obstructive sleep apnea syndrome.
Introduction
Almost 80% of patients with asthma suffer from comorbid rhinitis, 1 and rhinitis symptoms are associated with sleep complaints. 2 Furthermore, rhinitis could be considered a risk factor for sleep-disordered breathing 3 on the basis of physical laws: the Bernoulli principle states that the wider the beginning of the airway, the less the risk of collapse; the narrower the beginning, the greater the risk of risk of collapse. Moreover, the Venturi effect states that air must pass through a small tube faster than through a large tube if the passing volume of air and time are equal. Therefore, the upper airways behave like a Starling resistor: the obstruction at the inlet (ie, the nasal airway) produces collapsing forces that manifest downstream in the collapsible segment, the pharynx. 4 Clinical observations have shown that patients who report nasal congestion due to allergic rhinitis (AR) are significantly more likely to be habitual snorers and have an increased risk of sleep-disordered breathing. 3, 5 In addition, apneas are longer and more frequent in patients with nasal congestion than in patients without, 6 and this phenomenon seems to be strictly related to the cross-sectional area of upper airways. 7 AR therefore seems involved in snoring, apnea, and hypopnea pathogenesis and can further worsen symptoms of obstructive sleep apnea syndrome. 8 It has been shown that patients with obstructive sleep apnea syndrome with concomitant AR have significantly higher fatigue, daytime sleepiness, and stress compared with patients with obstructive sleep apnea syndrome without AR. 9 Cross-sectional [10] [11] [12] [13] and longitudinal 14 studies found that asthma is associated with both the clinical features of obstructive sleep apnea syndrome 11, 12, 14 and diagnosis of obstructive sleep apnea syndrome established by polysomnography. 10, 13 Bidirectional influences probably exist between the 2 conditions, and obstructive sleep apnea appears to affect asthma control.
Obstructive sleep apnea syndrome was found to be a risk factor for frequent asthma exacerbations in a large population of difficult-to-control patients with asthma. 15 Additionally, in a cross-sectional survey, obstructive sleep apnea syndrome risk was associated with poorly controlled asthma; indeed, asthmatic patients at high risk of obstructive sleep apnea syndrome have a 3.6 odds ratio to have poorly controlled asthma. Other factors such as obesity, black race, nasal disorders, gastroesophageal reflux disease, and psychiatric diseases are also associated with greater risk of uncontrolled asthma. Nevertheless, multivariate stepwise logistic regression models of uncontrolled patients (also adjusted for the above-mentioned factors) showed that patients with increased obstructive sleep apnea syndrome risk and maintaining an odds ratio of 2.87 are poorly controlled. 16 More recent evidence showed that obstructive sleep apnea syndrome risk is associated with persistent daytime asthma symptoms to an extent that matched or exceeded associations with nighttime asthma symptoms. 17 In other words, obstructive sleep apnea syndrome is a potential contributor to overall asthma control on a much larger scale and is independent of the other known variables. In summary, AR may worsen obstructive sleep apnea syndrome, and this can negatively influence asthma control. Despite these concerns, there is still a shortage of studies on the association of rhinitis with sleep apnea risk in patients with asthma. The available knowledge is based on the observation of patients with rhinitis and of patients with asthma, whereas no data are available on patients with asthma and comorbid rhinitis. Furthermore, the data on asthma are focused mainly on the effect of obstructive sleep apnea syndrome on disease control, rather than the association between asthma and obstructive sleep apnea syndrome. In addition to the role of obesity, several mechanisms such as overnight increase in parasympathetic tone, nonadrenergic noncholinergic system modulation, and airway inflammation could trigger apnea onset. 8 The aim of this cross-sectional study was to assess the prevalence of obstructive sleep apnea syndrome risk in subjects with asthma with or without comorbid rhinitis and to explore the association between rhinitis duration and severity and obstructive sleep apnea syndrome risk.
Methods
A quantitative research program using a questionnaire data collection method was performed; the study design was based on the subjects' recruitment by physicians. The study population included adult subjects with asthma diagnosed by a physician, according to Global Initiative for Asthma 18 guidelines, while attending a general practitioner's office for scheduled visits. Subjects attending the office for an unscheduled asthma visit, pregnant women, 
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Current knowledge
Up to 80% of patients with asthma suffer from allergic rhinitis, which is associated with complaints of sleep disturbances and fatigue. The prevalence of obstructive sleep apnea syndrome in patients with asthma and comorbid rhinitis has not been completely elucidated.
What this paper contributes to our knowledge
There was an association of increased risk of obstructive sleep apnea syndrome and concomitant presence of rhinitis, independent of obesity and other contributors to risk of obstructive sleep apnea syndrome.
and patients with COPD were excluded, but smokers were not. 19 This study was performed according to good clinical practice standards and the Declaration of Helsinki and was approved by the local ethics committee.
Once written informed consent was obtained, physicians completed a questionnaire consisting of 5 multiple choice questions aimed at assessing the presence of rhinitis and other factors that could influence the risk of obstructive sleep apnea syndrome (ie, gastroesophageal reflux disease, obesity, smoking). Moreover, physicians were asked to indicate whether, according to their point to view, the subject could suffer from obstructive sleep apnea syndrome. Physicians had to provide the classification of severity according to ARIA (Allergic Rhinitis and Its Impact on Asthma) guidelines for subjects suffering from rhinitis. 19 Subjects were asked to answer a questionnaire including questions about personal characteristics (age, sex, height, weight), presence of 2 or more rhinitis symptoms and their frequency and severity apart from colds, and the presence and frequency of nocturnal awakenings caused by asthma or rhinitis according to ARIA classification. 20 Moreover, subjects were asked to respond to the STOP-BANG questionnaire, a validated screening method to identify individuals at risk of obstructive sleep apnea. 21 STOP-BANG is composed of 8 yes/no questions based upon snoring, tiredness/sleepiness, observed apneas, hypertension, body mass index Ͼ 35 kg/m 2 , age Ͼ 50 y, neck circumference Ͼ 40 cm, and male gender. A score of 3 or more positive responses is considered increased risk for obstructive sleep apnea syndrome. In fact, a score of Ն 3 has shown a high sensitivity for detecting obstructive sleep apnea (93 and 100% for moderate and severe obstructive sleep apnea, respectively), 22 and a score of 5-8 has identified patients with high probability of moderate/severe obstructive sleep apnea. 23 Farney et al 24 showed that a score of Ͼ 3 has a 85.1% probability to identify subjects with obstructive sleep apnea.
Physicians were blinded to the subjects' questionnaires, ensuring objectivity of the method. Because of the observational nature of the study and because the survey was performed in a general practitioner's office, it was established a priori that only subjects for whom rhinitis had been reported by both themselves and the physician in a blinded setting were included.
The study was conducted between March and December 2011 in all Italian regions, and 1,700 general practitioners participating in a continuing medical educational program were involved. In particular, general practitioners were asked to enroll a maximum of 5 consecutive patients with asthma. The recruitment of 3,500 patients with asthma was considered sufficient to explore the study aim. Sample size was estimated considering a 10% data failure in subjects' and physicians' questionnaire fulfillment, the prevalence of rhinitis in asthma, 20 an estimated 60% concordance of subjects and physicians in defining concomitant rhinitis presence or absence, and an estimated STOP-BANG-defined increased obstructive sleep apnea risk of 27.5%. 25 
Statistical Analysis
Analyses were conducted on data from subjects with asthma with or without comorbid rhinitis identified by both physicians and subjects. Baseline variables were summarized as the mean Ϯ SD for continuous variables and percentiles for categorical variables. A univariate logistic regression model was conducted to test for relationships of increased risk of obstructive sleep apnea syndrome (STOP-BANG score Ն 3) with rhinitis classification according to ARIA guidelines. Multivariate logistic regression models were then performed in subjects with increased risk of obstructive sleep apnea syndrome (defined based on STOP-BANG) as the outcome, with stepwise adjustment for factors known to worsen sleep apnea. The aforementioned covariates (P ϭ .05) indicate statistical significance. Analyses were performed using statistical software (SPSS 20, SPSS, Chicago, Illinois).
Results
Among the 1,700 physicians participating in the continuing medical educational program, 1,678 completed the questionnaire and enrolled at least 2 subjects each. A total of 3,527 subjects who provided informed consent and completed the questionnaire were reached, from an invited population of 3,950.
Fifty-three subjects were subsequently excluded due to incomplete questionnaires, and the analyses were reduced to a sample of 3,474 subjects. Subjects were considered for the analysis only if their report of presence or absence of concomitant rhinitis was in accordance with the physician's report. The analyses were therefore reduced to a sample of 1,941 subjects: 740 with asthma alone and 1,201 with asthma and comorbid rhinitis. Clinical and demographic data are reported in Table 1 .
The majority of the subjects (75.27%) reported at least one nocturnal awakening related to a breathing disorder during the month before, of which 40.6% had 3 or more awakenings per week.
According to the STOP-BANG questionnaire, 1,020 (52.6%) subjects were classified as being at increased risk of obstructive sleep apnea syndrome: 350 of 740 (47.3%) subjects with asthma alone and 670 of 1,021 (55.9%) subjects with asthma and comorbid rhinitis. Subjects' responses to the STOP-BANG questionnaire are reported in Table 2 .
Association Between Rhinitis and Risk of Obstructive Sleep Apnea Syndrome
In univariate analyses, rhinitis was associated with a 1.44 times higher odds ratio for having increased obstructive sleep apnea syndrome risk (defined according to STOP-BANG). Body mass index Ͼ 30 kg/m 2 , sex, age, and smoking were also associated with an increased odds ratio for obstructive sleep apnea syndrome risk, whereas gastroesophageal reflux disease was not (Table 3) .
A multivariate logistic regression model was performed to assess the presence of an increased risk of obstructive sleep apnea syndrome, taking into account factors that typically worsen obstructive sleep apnea syndrome. The results showed that, once a correction for each of these factors was performed, subjects with AR with an odds ratio of 1.99 were reported to be at risk of obstructive sleep apnea syndrome (Table 4) .
Discussion
Data from a large sample of subjects with asthma showed that increased risk of obstructive sleep apnea syndrome is associated with the concomitant presence of rhinitis. This relationship emerged independently of obesity and other contributors to risk of obstructive sleep apnea syndrome. Although this cross-sectional study cannot prove causal relationships, our data and analyses support available evidence for the relationship between obstructive sleep apnea syndrome and rhinitis. This finding further emphasizes the clinical problem in a cohort of subjects, such as patients with asthma, in which the prevalence of rhinitis is very high. Rhinitis is a well-known asthma trigger, but also could be involved in the pathogenesis of sleep breathing disorders, such as obstructive sleep apnea syndrome. Based on analysis of a large population sample, according to the STOP-BANG score, subjects with comorbid rhinitis exhibit an increased risk of obstructive sleep apnea syndrome (odd ratios of 1.37) compared with those subjects without it. A multivariate logistic regression model of increased risk of obstructive sleep apnea with adjustment for well-known worsening factors of sleep apnea confirmed that when age, sex, smoking, obesity, and gastroesophageal reflux disease were sequentially excluded, rhinitis remained associated with an increased risk of obstructive sleep apnea syndrome. These results suggest an intriguing relationship between rhinitis and obstructive sleep apnea syndrome. However, they need to be further confirmed using a well-defined population of patients with asthma and with obstructive sleep apnea syndrome diagnosis confirmed or excluded by polysomnography. As our data suggest, there is a likely substantial burden of unrecognized and untreated obstructive sleep apnea in patients with asthma. This is a population that could benefit considerably from having their sleep disorder addressed, as other data and analyses have also described. 26, 27 Limitations of our study include the use of a questionnaire-based approach since polysomnography seemed to be prohibitively expensive for this cross-sectional study given the sample size and subjects' recruitment setting. However, in a large sample of sleep subjects, the STOP-BANG method demonstrated high internal validity and good sensitivity. 25 Furthermore, this instrument has high diagnostic value in comparison with other sleep apnea screening instruments. 21 
Conclusions
In summary, this study shows that rhinitis is associated with the probable increased risk of obstructive sleep apnea syndrome in patients with asthma. Clinicians should consider rhinitis as a potential reason for poor asthma control, but also as an associated factor of obstructive sleep apnea syndrome, which is a cause itself of increased asthma symptoms. Prospective studies with objective sleep and airway assessment of these putative mechanistic links are recommended to enhance understanding and identify means to intervene in asthma with comorbid rhinitis and obstructive sleep apnea syndrome.
